ABSTRACT
The prediction of sorting signals is becoming very relevance in the field of genomic annotation, and the integration of the prediction of different features is very helpful (Nakai and Horton, 1999) . Several methods were developed to predict the presence of the signal peptides and their cleavage sites (von Heijne, 1986; Nielsen and Krogh, 1988; Nielsen et al., 1999; Chou, 2000 Chou, , 2001 Chou, , 2002 Vert, 2002) . Machine learning-based methods, in particular, neural networks and hidden Markov models (Nielsen and Krogh, 1988; Nielsen et al., 1999) are among the best performing ones. For this reason we implemented two types of neural networks, one for the identification of the cleavage sites (netC) and the other for the signal peptide discrimination (netS). Our architectures are similar to those described previously (Nielsen et al., 1999) . However in our system training was carried out using a new data set of experimentally determined signal peptides (Menne et al., 2000) .
After a thorough search in the neural network parameter space, we ended up with six best performing different * To whom correspondence should be addressed. (598) predictors (two networks for each organism type). All neural networks have a hidden layer and one output neuron, and differ for the number of neurons in the input and hidden layers. The resulting predictors are fully described at http://gpcr.biocomp.unibo.it/predictors/. In all cases we adopt a cross-validation procedure (further details are provided at the web page). The final predictor (SPEP) uses netC, for the prediction of the cleavage sites and a combination of both netC and netS, for the prediction of the presence or absence of a putative signal peptide in the target sequence. The results for the best performing predictors are shown in Table 1 . The accuracy is similar to the best performing methods (Nielsen and Krogh, 1998; Nielsen et al., 1999) and better than other approaches (von Heijne, 1986; Chou, 2000 Chou, , 2001 Vert, 2002) . It has been discussed before whether prokaryotic lipoproteins should be considered as positive examples of signal peptides (Nielsen et al., 1999) . Lipoproteins are a relevant class of prokaryotic proteins, containing an N-terminus peptide cleaved by signal peptidase II with a characteristic cysteine residue at the cleavage site that is lipid-modified and after cleavage remains covalently bound to the lipid membrane (Inouye et al., 1977; Madan Babu and Sankaran, 2002) . Since the best performing methods are excluding lipoprotein chains from the testing set, we decided to investigate the SPEP predictions on this class of proteins. Interestingly, when SPEP is used to filter a set of some 409 lipoproteins, the method predicts a cleavage site similar to that of signal peptides in nearly all sequences (97% in Table 2 ). However, there exists a very well conserved 'lipobox sequence' and the corresponding consensus regular expression PS00013 is defined in the PROSITE database (Falquet et al., 2002) . Then, using PROSITE PS00013, we complemented the SPEP predictor (SPEPlip) with a simple pattern search in order to discriminate signal peptide containing sequences from lipoproteins.
Prediction of signal peptides and lipoproteins
To test the discriminative power of the PROSITE pattern, a further test was carried out on a mixed set of lipoproteins and normal signal peptides, both retained by SPEP as positive cleavage containing chains. In Table 3 , the results indicate that the PS00013 pattern fairly well discriminates signal peptide-containing proteins from lipoproteins (at least on the pre-selected SPEP set), reaching an overall accuracy of 98 and 97% for Gram-negatives and Gram-positives respectively.
In conclusion, we propose an integrated approach that simplifies the two-step procedure routinely necessary with other methods (Nielsen and Krogh, 1998) in order to distinguish signal peptide-containing chains from lipoproteins.
